Our knowledge of the consumption of plankton by fish is still fragmentary. Trophic links between fish and plankton are often loose because plankton is a changing assemblage of pelagic organisms of valuable nutritional value. The objectives of the study were to determine the distribution and diversity of planktons in the fish ponds. Water samples for plankton analysis were collected monthly (January-December), along with water samples used for the determination of physico-chemical parameters in 250 ml bottles in Ponds 1, 2 and 5. The freshwater sample was mixed gently and pipetted into 5 ml plankton chamber containing 2 drops of Lugol's solution. The Lugol's solution which served as fixative also enhanced sedimentation of the organisms and was left overnight before analyzing plankton using Zeiss inverted plankton microscope and plankton determination keys. Data was analyzed using Shannon-Weaner diversity index, species richness, means and analysis of varians (ANOVA). The results showed that the highest species richness for dry season phytoplankton value of 27 was recorded in Pond 2, with the highest Shannon-Weaner diversity index value of 0.5401 in pond 5. Merismopaedia elegans with 3,434 in pond 2 was the most abundant phytoplankton species and chlorophyceae the most dominant taxa. The rainy season zooplankton species richness values (5 in pond 2) were higher than that of the dry season (3 in pond 3) with the highest Shannon-Weaner index value of 0.3501 recorded in pond 1. The most abundant zooplankton species Asplanchna species 57 was recorded in pond 2. Significant differences (p < 0.05) was observed for phytoplankton and zooplankton species between the ponds. Physico-chemical parameters had influence on the distribution and diversity of planktons in the fish ponds.
Introduction
The aquatic environment supports various communities of living organisms. They constitute the biotic load of a pond. Plankton designates the community of pelagic organisms, composed of various groups, which are in suspension in water and hence restricted mobility, often less than that of the water which carries (Declince, 1992) . Plankton is divided into phytoplankton or photosynthetic organisms and zooplankton or heterotrophic organisms. The spectrum of phytoplankton found in ponds, consist of a large number of taxa. According to cell size, the following groups can be distinguished: picoplankton (from 0.02 to 0.2 µm) nanoplankton (from 0.2 to 2.0 µm) (Sieburth et al., 1978) . Organisms over 20 µm in size are called netplankton. Picoplankton and nanoplankton, often ignored in plankton studies can contribute significantly to primary productivity, often in excess of what their biomass would suggest (Hardy et al., 1986; Stockner & Antia 1986; Stockner, 1988) .
Zooplankton distribution within ponds is non-homogenous. In Dutch fish ponds, some species were mainly found in the littoral, while others selected limnetic waters (Verreth, 1990) . Such distributions are probably related to food availability and avoidance of predators. Distribution varies with time, due in particular, to vertical migration, which is an almost universal phenomenon. The archetypical form of vertical migration is a swimming movement to deep water during the day and an active ascent towards the surface during the night (Declince, 1992) . This diel movement from the warm, food-rich surface layers to the cold nutritionally poor deep waters has evolved in response to benefits to the community: (1) vertical migration results in predator avoidance by zooplankton; (2) fluctuations of the grazing pressure owing to vertical migration enables unimpeded growth of the algae during daytime. This results in higher rates of algal production, compared to those obtained in conditions where zooplanktons graze continuously on the same algal biomass. Zooplankton is subdivided, according to size, into microzooplankton, mesozooplankton and macrozooplankton. Microzooplankton are the smallest organisms, consisting of flagellates, ciliates and rotifers, mostly detritivorous and bactivorous, though rotifers also consume small algae. Mesozooplankton is comprised of cladocerans and macrozooplankton of copepods (or cladocerans and copepods). The dietary range of zooplankton organisms is often wider (Declince 1992) . The objectives of the study is to determine the distribution and diversity of planktons in the fish ponds.
Materials and Methods

Description of Study Area
The 
Plankton Analysis
Water samples for plankton analysis were collected monthly (January to December), along with water samples used for the determination of physico-chemical properties, in a 250ml bottles, as in Ajani (2001) . The water samples collected from ponds 1, 2 and 5 were taken to the Fisheries laboratory of Cross River University of Technology at Obubra Campus, for plankton analysis. Fresh water sample was mixed gently and pipetted into 5ml plankton chamber containing 2 drops of Lugol's solution. The Lugol's solution served as the fixative while also enhancing sedimentation of the organisms. The chamber was left overnight for complete sedimentation to take place. Plankton was analyzed using Zeiss inverted plankton microscope by the method described in UNESCO (1978) , using plankton determination keys from Edmonton (1959) , Prescott (1970) , and Sharma (1986) 
Data Analysis
Mean and standard deviation of each of the physico-chemical parameters were calculated. Analysis of variance (ANOVA) was used to test for statistical differences between the means of the physical and chemical parameters of the fish ponds. Diversity index which include Shannon-Weaner diversity index and species richness was used to determine the plankton species composition and their diversity across the different ponds sampled. Shannon-Weaner's Index (H) is commonly used to characterize species diversity in a community. Shannon-Weaner's Index accounts for both abundance and evenness of the species present. The proportion of species is relative to the total number of species (Pi) is calculated and then multiplied by the natural logarithm of this proportion (LnPi). The resulting product is summed across species and multiplied by Equation 1:
Results
There was no significant difference in the values of the physico-chemical parameters of the three sampling sites (Table 1) . Surface Temperature (ºC) 27.7 ± 1.71 a 27.2 ± 2.11 a 27.5 ± 1.12 a Turbidity(NTU) 34.2 ± 2.32 a 32.5 ± 3.12a 33.4 ± 7.23a Ph 6.8 ± 0.66a 6.8 ± 0.12a 6.8 ± 1.81a
Dissolved Oxygen(mg.l -1 ) 4.8 ± 1.34a 4.9 ± 0.12a 4.8 ± 1.34a
Alkalinity (mg.l -1 ) 41.2 ± 4.42a 40.8 ± 5.43a 41.5 ± 4.34a
Conductivity (μS.cm -1 ) 32.4 ± 4.23a 31.4 ± 2.32a 31.7 ± 3.6a BOD (mg.l -1 ) 1.3 ± 0.66a 1.6 ± 0.84a 1.5 ± 0.62a
Phosphates (mg/l) 2.5 ± 0.01a 2.5 ± 0.04a 2.4 ± 0.12a www.ccsenet.org/enrr Environment and Natural Resources Research Vol. 3, No. 3; 2013 Calcium (Ca++) 10.4 ± 3.4a 9.3 ± 2.87a 10.4 ± 1.83a
Magnesium (Mg++) 1.6 ± 0.22a 1.1 ± 0.54a 1.2 ± 0.99a
Total iron 1.4 ± 0.56a 0.7 ± 0.43a 1.9 ± 0.36a
Silicon (SiO 2 ) 28.9 ± 1.89a 28.4 ± 5.34a 27.8 ± 9.65a
Sulphates (SO 4 -2 ) 11.4 ± 1.23a 12.8 ± 2.88a 11.8 ± 3.31a
Nitrates (NO 3 -) 0.2 ± 0.18a 0.3 ± 0.14a 0.2 ± 0.16a
Chlorides (Cl -) 10.6 ± 2.99a 11.2 ± 2.21a 11.0 ± 2.71a
Total hardness 55.5 ± 8.88a 54.3 ± 6.54a 56.0 ± 2.56a
Total solids (mg/l) 66.6 ± 5.34a 67.6 ± 3.76a 68.3 ± 5.30a
Total Dissolved solids (mg/l) 58.8 ± 7.54a 57..5 ± 4.66a 57.2 ± 6.41a
Values in the same rows with the same superscript are not significantly different (p > 0.05).
Seasonal variation was observed in the values of physico-chemical properties of the ponds with some chemical properties like TS, TDS, TH and DO, showing higher values during the wet months, while others like PO 4 , NH 3 and BOD were higher during dry (Table 2) . 
Plankton
30 species of phytoplankton belonging to 6 families were recovered from the ponds during study period. The largest family was Chlorophyceae contributing 18 species, followed by Euglenophyceae with 5 species and the least were Dinophyceae and Cryptophyceae contributing one species each. The zooplankton had 5 species belonging to 2 families; Rotifera and Ciliata. The rotifers consist of Chromogaster, Euchlanis and Asplanchna species while the ciliates had Strombidium viride and Euplotes.
The occurrence of plankton species showed that values for phytoplankton were significantly higher during the dry season than the wet for most of the species (Figure 1 ) while the opposite was the case for zooplankton values (Figure 2 ).
Plankton Diversity in Dry Season
Phytoplankton richness index was highest in Pond 2 (27) and least in pond 1 (11) but Shannon-Weaner's diversity index showed highest values (0.5401) in Pond 1 and lowest in Pond 3 (Table 3) . Richne index for zooplankton was low in all the ponds with no significant differences (P > 0.05) in Shannon-Weaner diversity values.
Plankton Diversity for Rainy Season
Wet season Phytoplankton richness (8, 24 and 13) and diversity values (0.4330, 0.3042 and 0.0943) were low in all ponds (1, 2, 3) respectively. On the other hand, zooplankton richness (4 for pond 1, 5 for pond 2 and 4 for pond 5) and Shannon-Weaner values for pond 1 (0.3501), Pond 2 (0.2409) and Pond 3 (0.2966) were significantly higher than dry. 
Discussion
Physico-chemical parameters of water body serve as measure of water quality (Offem, 2008) . Changes in the intensity of rainfall affects physico-chemical parameters of water which also affects biomass of aquatic organisms (Adebisi, 1981) . The higher turbidity, salinity, TDS and most of the physico-chemical properties in the wet season had been explained to be as a result of flooding during heavy rainfall and run-off from nutrient rich agricultural lands increased (Ayodele & Ajani 1999; Offem, 2008) . Lower dissolved oxygen values obtained during dry season could probably be due to higher temperatures during the season (Akpan & Offem, 1993a) while high levels of dissolved oxygen during the wet season could be due to lower water temperature and increased aeration due to agitation by wind in the wet season (Ochang et al., 2005) . High organic enrichment of ponds during the dry season may be responsible for such low oxygen values that might have increased ionic substances such as nitrate, chloride and phosphate from fertilizers (Offem, 2008) .
The Composition of phytoplankton community of the ponds agreed with reports that blue-green algae and green algae dominate most tropical water bodies (Adebisi, 1981; Ayodele & Ajani, 1999) . Increased temperature, sunlight and tropholytic activities as a result of low water level coupled with frequent movement of water from the deep, nutrient-rich sediments into the tropholytic zone, increased the abundance of phytoplankton during dry season. Dominance of Chlorophyceae in the ponds in the dry season had been attributed to the presence of sunshine and extensive catchment area draining phosphate rich agriculture land (Uttah, 2008; Kurasawa & Shiraishi, 1954) . Also flexibility in the Physiology and behaviour of Chlorophyceae can tolerate environmental changes better than other species (Silva, 2004) . The observation in the ponds agree with findings by Utah (2008) that the phytoplankton biomass increase with increase in transparency, frequently associated with dry season, while the high turbidity frequent with the wet season results in a reduction of biomass. It was also reported in ponds in Asia, where phytoplankton scarcity can be observed during the wet months (Silva, 2004) and most of the ponds in India where three plankton pulses occur within the dry season. During the wet months flushing disturbs the standing crop of plankton. However, when the destabilising effect reduces, the accumulated nutrient input favours an increased plankton production during the dry.
The high population density of the zooplankton during the rainy season may be as a result of abundant food source from run-off through nutrient-rich agricultural lands. It has been reported that increase in primary production (phytoplankton), is accompanied by increase in zooplankton abundance (Rocha et al., 1999) . Also, it had been observed that zooplankton abundance frequently reach their peak during the wet season in ponds (Muylaert et al., 2003) . Besides food sources, low predation rate by fish during the wet season caused by their increased breeding activities could encouraged high population density of the zooplankton.
The zooplankton population dominated by rotifers in the wet season and ciliates in the dry season in all the ponds was similar to earlier findings (Egborge, 1981b) . The alternation in abundance between rotifers and ciliates as shown in the seasonal distribution and abundance of zooplankton in the sampled ponds was regarded as a booster of all year round food for fish in the lake (Egborge, 1981b) . This study showed that the seasonal variation in zooplankton concentration could largely be due to the Rotifera which normally constitute major diet www.ccsenet.org/enrr Environment and Natural Resources Research Vol. 3, No. 3; 2013 items of larger zooplankton.
Conclusion
The study has shown that phytoplankton were more abundant during the dry season than the wet season, while occurrence zooplankton was more during the wet season than the dry. There was seasonal variation in the physico-chemical parameters of the pond water which in turn influenced the distribution and abundance of phytoplanktons and zooplanktons.
